Purpose While colorectal cancer (CRC) is common in Asian countries, screening for CRC is not. Moreover, CRC screening behaviors in Asian populations remain largely unknown. The present study aimed to investigate the stages of adopting CRC screening in Korea according to screening modality.
Introduction
Colorectal cancer (CRC) is a common malignancy and the leading cause of cancer-related deaths worldwide [1] . CRC is the third most frequent cancer in men (746,000 cases, 10 .0% of all cancers) and the second in women (614,000 cases, 9.2% of all cancers) worldwide. While nearly 55% of all CRC cases occur in more developed regions, the overall mortality rate thereof is relatively low (694,000 deaths, 8 .5% of all CRC cases): most deaths (52%) from CRC tend to occur in less developed regions of the world [1] . As with other cancers, access to screening programs and to appropriate treatment likely accounts for these variations in CRC survival between countries.
With evidence suggesting that screening reduces CRC mortality and incidence [2] [3] [4] [5] , CRC screening via fecal occult blood test (FOBT) or colonoscopy has been widely recommended [6] . Going further, several countries have adopted the use of FOBT in population-based CRC screening programs [7, 8] . Interestingly, although colonoscopy is widely used as a gold standard to detect adenomas and CRC through visual inspection [9] , uptake of screening colonoscopy has been shown to generally be poor [5] . In Korea, both tests are available through either opportunistic or organized screening programs. The National Cancer Screening Program (NCSP) for CRC, which was implemented in 2004 [10] , offers annual testing with a single fecal immunochemical test (FIT) to men and women over 50 years of age and follow-up examinations with either colonoscopy (with biopsy if indicated) or double contrast barium enema for subjects with a positive FIT result. Despite evidence that screening can reduce the incidence of and mortality from CRC, globally, only half the eligible population undergoes CRC screening [11] [12] [13] . For most Asian countries in particular, CRC screening is not commonly practiced, and CRC screening behaviors remain largely unknown. Recently, although a few studies have been conducted to examine factors associated with CRC screening in Korea [14] [15] [16] [17] , none have sought to examine factors related to stages of readiness for CRC screening by individual screening modalities. Moreover, most studies have only focused on whether a subject has or has not undergone CRC screening. According to the transtheoretical model (TTM), however, the acquisition and maintenance of health-protective behaviors are not all-or-nothing phenomena [18] : the TTM categorizes screening adoption into several stages of screening adoption, based on past and recent screening behaviors and future intentions to undergo screening [18] .
In this study, we applied the TTM to examine the distribution of and factors associated with stages of adoption for FOBT and colonoscopy for CRC screening in Korea.
Materials and Methods

Study population
Data were obtained from the Korean National Cancer Screening Survey (KNCSS), which is an annual cross-sectional survey designed to investigate screening rates among Koreans for five common cancers (gastric, liver, colorectal, breast, and cervix) through nationally representative random sampling [19] . The 2014 KNCSS included men of ages from 40 to 74 years and women of ages from 30 to 74 years, who were selected based on Resident of Registration Population data collected by Statistics Korea, using multistage random sampling according to sex, age, geographic area, and size of population per area. The 2014 KNCSS included 4,000 participants, among a total of 28,571 random samples (total response rate: 14.0%). The response rate after making contact was 40%, excluding those who were absent (17, 173) or who did not meet the criteria for the survey (1, 629) . Of the 4,000 participants, 2,122 men and women of ages ranging from 50 to 74 years old were asked about their experiences with CRC screening, since the NCSP provides CRC screening for individuals aged 50 years and older. Participants were asked whether they had undergone an FOBT, colonoscopy, or double-contrast barium enema for CRC screening (picture cards were shown to describe the test methods). Then, those who 
Measurement
The stages of adoption for CRC screening were evaluated using a modified, five-stage process developed to assess a subject's reported history of screening and their current intentions to undergo screening, as recommended by Rakowski et al. in 1996 [20] . Individuals who had undergone either an FOBT or colonoscopy were interviewed about their most recent test and their plans to undergo another test in the future. According to these questions, the participants were classified as follows for each screening modality (Table 1) : individuals who had never undergone CRC screening and did not plan to undergo screening were classified into the pre-contemplation stage. Those who had either never undergone CRC screening or had not within recommended time intervals for screening, but were planning to do so within the next interval, were classified into the contemplation stage. The recommended time intervals are 1 year for FOBT and 10 years for colonoscopy [21] . The action/maintenance stages comprised subjects who complied with CRC screening recommendations: those who had undergone FOBT screening within the last 12 months and were planning to undergo another test within the next 12 months or those who had undergone colonoscopy screening within the last 10 years and were planning to undergo another test within the next 10 years. The relapse risk stage included subjects who had undergone CRC screening (either FOBT or colonoscopy) within the recommended time intervals, but were not planning to undergo another test within the time intervals. Individuals who had undergone FOBT more than 12 months before or colonoscopy more than 10 years before, but had no plans to undergo CRC screening, were classified into the relapse stage.
We also examined other socioeconomic variables (age, marital status, level of education, monthly household income, and residence area), family history of cancer, individual preferences for FOBT and colonoscopy as a CRC screening modality, health status, worry about getting cancer, and health related behaviors variables (smoking status, alcohol use, regular exercise, and regular visits to a doctor). Furthermore, enrollment in private cancer insurance was also measured to assess accessibility to CRC screening: although the National Health Insurance Service (NHIS) provides universal coverage to all Koreans, many Koreans pay for supplementary private health insurance in the event of illness (e.g., cancer or stroke) due to insufficient coverage by the NHIS.
Statistical analysis
Descriptive statistics were used to analyze the participants' characteristics and the distribution of stages of adoption. Frequencies with percentages were calculated for categorical variables. Chi-square test was used to compare the distribution of stages of adoption according to sociodemographic characteristics.
To determine factors related to one's stage of adoption, we grouped participants into four groups: (1) pre-contemplation, (2) contemplation, (3) action/maintenance, and (4) relapse risk/relapse groups. Due to the small numbers of subjects in the relapse and relapse risk stages, we combined both stages into one category in the analysis. Furthermore, people in the relapse risk and relapse stages share the same experience in that they have already experienced the action or maintenance stage. Simple tables were produced to verify the consistency of the data. Then, univariate multinomial logistic analysis was conducted to identify factors associated with each adoption stage according to screening modality. All variables with a p-value of < 0.1 in univariate analysis were included in the multinomial logistic regression model as potential predictors. Likelihood ratio test was applied to compare significant differences for an added variable to the model. We assessed the adjusted odds of being in the precontemplation, contemplation, or relapse risk/relapse group rather than the action/maintenance group. All statistical analyses were performed using STATA software, ver. 12 (Stata Corp. L.P., College Station, TX), and all p-values of < 0.05 were considered statistically significant.
Results
The sociodemographic characteristics of the participants are described in Table 2 . The mean age of the study population was 58.9 years, and 50.8% were female. More than 80% had completed high school or higher; 91% of the participants lived with their spouse; 45% lived in a metropolitan area; and more than half of study population reported good health status. More than 80% of the participants had private cancer insur- Among those who had ever undergone FOBT, 382 participants had also undergone colonoscopy, accounting for 18.5% of the entire study population. Table 3 shows the stages of adoption for FOBT and colonoscopy according to population characteristics. In this analysis, we combined the relapse risk and the relapse stages. Among 1,593 participants who were included in the analysis of stages of adoption for FOBT, 17.7% were classified in the pre-contemplation stage, 40.2% in the contemplation stage, 36% in the action/maintenance stages, and 6.1% in the relapse risk/relapse stages. Among 1,371 participants who were included in the analysis of stages of adoption for colonoscopy, 20.6%, 20.8%, 48.1, and 36% were categorized into the precontemplation, contemplation, action/maintenance, and relapse risk/relapse stages, respectively. Sex, monthly household income, residential area, family history of cancer, preferences for a screening modality, having private cancer insurance, smoking status, and regular exercise differed significantly across the stages of adoption for FOBT. Meanwhile, only sex, residency, a preference for colonoscopy, and health status differed with statistical significance across the stages of adoption for colonoscopy. Tables 4 and 5 show the results of our multivariate multinomial logistic regression of factors associated with each stage of adoption for FOBT and colonoscopy. Compared with subjects who were in the action/maintenance stages for FOBT, women and subjects with a family history of CRC, living in a rural area, and current smokers were more likely to be in the precontemplation stage. Meanwhile, subjects who were 60-69 years old, female, had higher education and income level, had private health insurance, and were past or current smokers were less likely to be in the contemplation stage. However, those who had a family history of CRC were more likely to be in the contemplation stage. Between the action/maintenance and relapse/relapse risk stages, those living in a metropolitan area and past-smokers were less likely to be in the relapse/ relapse risk stages.
Regarding factors related to CRC screening via colonoscopy test, women and current smokers were more likely to be in the precontemplation stage than in the action/maintenance stages. However, individuals living in a metropolitan area and who preferred to undergo colonoscopy were less likely to be in the precontemplation stage than in the action/maintenance stages. Meanwhile, subjects who were 60-69 years old, had higher education level, had a family history of cancer, and exercised regularly were less likely to be in the contemplation stage. However, those who drank more than once a month and who were in poor health status were more likely to be in the contemplation stage than in the action/maintenance stages. Further, those who were of poor health status were more likely to be in the relapse/relapse risk stages than the action/maintenance stages. Values are presented as number (%). FOBT, fecal occult blood test. Cancer Res Treat. 2018;50(2):416-427 Comparison to the action/maintenance stage.
Discussion
This study identified the distribution of stages of adoption for FOBT and colonoscopy for CRC screening in Korea. Although FOBT is offered through the NCSP free of charge for Koreans over the age of 50 years, the percentage of respondents in the action/maintenance stages for FOBT (36%) was still lower than that for colonoscopy (48.1%). This indicates a preference among Koreans to receive CRC screening by colonoscopy over FOBT, even though they must do so at their own expense through opportunistic screening. Of the two tests, colonoscopy is the more accurate technique, although it is invasive, carries risks of bleeding and perforation, requires preparation and premedication, and involves much higher costs. While FOBT is a simple, safe, and inexpensive test with which to screen for CRC, its low sensitivity, mainly for premalignant lesions, necessitates recommendations for annual screening, with which many individuals may be reluctant to comply. For this reason potentially, the percentage of people who were in the action/maintenance stages for FOBT was low, while the percentage of people who were in the contemplation stage was relatively high (40%). Meanwhile, however, although colonoscopy was more likely to be chosen in CRC screening among Koreans, FOBT screening rates have increased to greater extents than those for colonoscopy during the last decade: between 2004-2013, CRC screening rates for FOBT and colonoscopy increased from 3.8% to 27.6% (23.8% increase) and 14.4% to 35.2% (20.8% increase), respectively [19] .
In the current study, we assessed five stages of readiness for FOBT and colonoscopy: precontemplation, contemplation, action/maintenance, relapse, and relapse risk. Only a few studies have examined the TTM model in relation to CRC screening behavior [22] [23] [24] [25] [26] [27] . In multinomial logistic regression analysis of the stages of adoption, several factors were shown to influence differences in the distributions thereof. Primarily, females were more likely to be in precontemplation than in the action/maintenance stages for both FOBT and colonoscopy. Similar findings have also been reported in other studies [24, 27] . One study suggested that CRC is perceived as a man's disease and that, therefore, women may be less concerned with CRC screening than they should be [28] . Furthermore, women older than 50 years are at risk for many sex-related diseases, such as breast, ovarian, and cervical cancers, and interestingly, this has been shown to lead to less attention being paid to CRC screening among women [27] . People with a higher education level and individuals living in a metropolitan area were more likely to be classified in onschedule stages (action/maintenance). Similar findings were observed in other studies [17, 24] . These results imply that higher education and better accessibility to screening facilities are reinforcing factors for adherence to CRC screening. Remarkably, people who had a family history of cancer were less likely to be in the action/maintenance stages for FOBT adoption. On the other hand, people who had a family history of cancer were more likely to be in the action/maintenance stages for colonoscopy adoption. The higher adherence with colonoscopy testing among those with a family history of cancer might indicate a preference for colonoscopy testing among higher-risk individuals. This study also highlighted current smokers as being more likely to be in the precontemplation stage. This finding suggests that current smokers are less likely to be involved in preventive behaviors, such as screening.
Regarding colonoscopy test adoption, females were more likely to stay in the precontemplation stage than in the action/maintenance stages. Those who had a higher level of education, however, were more likely to be in action/maintenance stages. Additionally, subjects of ages from 60 to 69 years were more likely to be in the action/maintenance stages than the contemplation stage. Although previous studies have reported that individuals of higher income status are more likely to have undergone an up-to-date colonoscopy in Korea [11, 17] , we were unable to find a significant association between household income and stages of adoption for colonoscopy in the current study. In addition, subjects of poor health status were more likely to be in the contemplation and relapse/relapse risk stages than the action stage. We explain this observation as follows: colonoscopy is an invasive and uncomfortable procedure, and individuals with poor health status probably have additional health problems. Therefore, colonoscopy may not be a favorable test for them. Also, current smokers and those who drink more than once a month were more likely to be in precontemplation and contemplation stages than the action/ maintenance stages, while those who exercised regularly were more likely to be in the action stage. These suggest that people with an unhealthy lifestyle are less likely to be involved in CRC screening.
This study has several limitations. First, this study used cross-sectional survey data, which would limit interpretations of any causal relationships for the observed associations. Accordingly, future studies with a longitudinal design should be conducted to track patterns in CRC screening behaviors. Second, due to potential recall bias of selfreported screening history, we assessed only the most recent cancer screening event and did not collect information on screening events that preceded the most recent one. Thus, we could not distinguish between the action and maintenance stages as recommended by Rakowski et al. [20] . However, due to the long screening interval for colonoscopy (usually 10 years is recommended), it would not be feasible to cate-gorize the maintenance stage for colonoscopy. As another limitation in assessing stages of adoption, we could not identify subjects in the unaware stage (never heard of FOBT or colonoscopy) as in previous studies [27, 29] . Finally, we were unable to explore the influences of other important correlates, such as test-specific characteristics (e.g., preparation, cost, time constraints, transportation, or geographic capacity for screening), process of change, self-efficacy, decisional balance, and psychological factors (e.g., discomfort, concern about complications, or anxiety about the procedure) involved in utilization of CRC screening and intentions to undergo future screening tests. Further studies are needed to delve into these factors and to provide a more comprehensive outline of the effects of these factors on stages of adoption for CRC screening in the TTM.
Despite all of the above limitations, this study is important in that it assessed CRC screening behaviors specifically in relation to two popular screening modalities among Koreans. The study results provide new insights that may be of use in guiding the development of intervention strategies for improving compliance with CRC screening recommendations at the population level. Our results demonstrated that rural, less educated, women were less likely to adhere with CRC screening. Moreover, those who had a family history of cancer showed better adherence with colonoscopy than with FOBT. Additionally, we showed that household income, private cancer insurance, and regularly exercise are positively associated with stages of FOBT adoption, while smokers and alcohol use are negatively associated with stages of FOBT and colonoscopy adoption. Accordingly, we suggest that interventions tailored to individuals in particular stages of adoption for CRC screening could help improve participation therein.
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